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A Method for Reducing Misclassification
in the Extended Glasgow Outcome Score
Juan Lu,1 Anthony Marmarou,1 Kate Lapane,2 Elizabeth Turf,2 and Lindsay Wilson,3
on behalf of the IMPACT Group and American Brain Injury Consortium Study Participation Centers
Abstract
The eight-point extended Glasgow Outcome Scale (GOSE) is commonly used as the primary outcome measure in
traumatic brain injury (TBI) clinical trials. The outcome is conventionally collected through a structured inter-
view with the patient alone or together with a caretaker. Despite the fact that using the structured interview
questionnaires helps reach agreement in GOSE assessment between raters, significant variation remains among
different raters. We introduce an alternate GOSE rating system as an aid in determining GOSE scores, with the
objective of reducing inter-rater variation in the primary outcome assessment in TBI trials. Forty-five trauma
centers were randomly assigned to three groups to assess GOSE scores on sample cases, using the alternative
GOSE rating system coupled with central quality control (Group 1), the alternative system alone (Group 2), or
conventional structured interviews (Group 3). The inter-rater variation between an expert and untrained raters
was assessed for each group and reported through raw agreement and with weighted kappa (k) statistics.
Groups 2 and 3 without central review yielded inter-rater agreements of 83% (weighted k¼ 0.81; 95% CI 0.69,
0.92) and 83% (weighted k¼ 0.76, 95% CI 0.63, 0.89), respectively, in GOS scores. In GOSE, the groups had an
agreement of 76% (weighted k¼ 0.79; 95% CI 0.69, 0.89), and 63% (weighted k¼ 0.70; 95% CI 0.60, 0.81),
respectively. The group using the alternative rating system coupled with central monitoring yielded the highest
inter-rater agreement among the three groups in rating GOS (97%; weighted k¼ 0.95; 95% CI 0.89, 1.00), and
GOSE (97%; weighted k¼ 0.97; 95% CI 0.91, 1.00). The alternate system is an improved GOSE rating method that
reduces inter-rater variations and provides for the first time, source documentation and structured narratives
that allow a thorough central review of information. The data suggest that a collective effort can be made to
minimize inter-rater variation.
Key words: clinical trial; extended Glasgow Outcome Scale; inter-rater variation; misclassification; traumatic brain
injury
Introduction
The eight-point extended Glasgow Outcome Scale(GOSE) was introduced ( Jennett et al., 1981) to increase
sensitivity of the primary outcome assessment in traumatic
brain injury (TBI) trials. However, its assessment appears to
be more complex and susceptible to inter-rater variation, as
has been suggested by several sets of authors (Brooks et al.,
1986; Maas et al., 1983; Marmarou, 2001), compared to the
original version, the five-point GlasgowOutcome Scale (GOS;
Jennett and Bond, 1975).
Conventionally, eight-point GOSE outcome data are col-
lected through a structured interview with the patient, alone
or together with a caretaker (Wilson et al., 1998). The struc-
tured interview is designed to reduce inter-rater variation
through standardizing the questions relative to assessment,
and to assist raters in recording the explicit reasons for clas-
sification into each GOSE category. Despite the fact that using
the structured interview questionnaires helps reach accept-
able agreement in GOSE assessment between raters (Petti-
grew et al., 1998; Teasdale et al., 1998; Wilson et al., 1998),
significant variation remains among different raters. A recent
study using the structured interviews indicated an agreement
rate as low as 59% (weighted kappa [k]¼ 0.72; 95% confidence
interval [CI] 0.62, 0.75) for GOSE assessment by untrained
investigators (Wilson et al., 2007).
1Department of Neurosurgery, Virginia Commonwealth University, Richmond, Virginia.
2Department of Epidemiology and Community Health, Virginia Commonwealth University, Richmond, Virginia.
3Department of Psychology, University of Stirling, Stirling, Scotland, United Kingdom.
JOURNAL OF NEUROTRAUMA 27:843–852 (May 2010)
ª Mary Ann Liebert, Inc.
DOI: 10.1089=neu.2010.1293
843
Inter-rater variation in primary outcome rating is a serious
concern that may have contributed to the lack of positive re-
sults in some TBI trials (Maas et al., 1999; Marmarou, 2001;
Narayan et al., 2002). A study by Choi and colleagues (Choi
et al., 2002) indicated that the effect of misclassification on
GOS may not only decrease the desired power of a trial, but
also the size of true benefit. Thus observer variation or out-
come misclassification may obscure therapeutic effects by
introducing errors into the true study efficacy. We (Lu et al.,
2008) recently reported that a 20% random misclassification
on a dichotomous GOS outcome could reduce the treatment
effect from the expected 10% to 6.8%, while maintaining the
statistical power as a fixed factor.
The consistency and reliability of the outcome assessment
could be influenced by many factors. Thus a collective effort
by all possible means should be made to ensure the quality of
the assessment. Here we introduce an alternate GOSE rating
system as an aid in determining GOSE scores with the ob-
jective of reducing inter-rater variation in the primary out-
come assessment in TBI trials.
The method used in this study is based on the concept that
the GOSE is an extension of the GOS and as such, effort is
focused on obtaining a reliable GOS score, and then limiting
the questions asked in order to obtain a reliable GOSE score.
More importantly, the method requires the investigator to
record pre- and post-injury narratives to establish firm base-
lines, and source documentation that provides quality as-
surance through central monitoring to determine a reliable
outcome and reduce clerical errors.
Methods
Study participation centers and design
Forty-five trauma centers in the United States were invited
to participate in this study. These centers are members of the
active American Brain Injury Consortium (ABIC) currently
selected to participate in a Phase III TBI trial. The selectionwas
based on the centers’ past experience in TBI trials, the existing
data regarding the annual volume of TBI patient enrollments,
and the level of correspondence with ABIC. The selected
centers were randomly divided into three study groups of
equal size as balanced by the center’s past experiences in TBI
trials. These three groups were assigned to use different
methods to assess patient 6-month GOSE outcome as
described in Figure 1.
Group 1 used the alternative GOS=GOSE rating system
coupled with central quality control, in which the raters
were required to complete six sets of pre- and post-injury
narratives according to six sample transcripts prior to the
outcome assessment. Group 2 used the alternative system
with no central quality control, in which the raters used six
sets of pre-specified narratives to rate the outcome. These
narratives contained information, strictly transferred from
the original interview transcripts by an expert, which al-
lowed the validation of GOS=GOSE assessment without
errors introduced by incorrect narratives. Group 3 used
conventional structured interviews in which the raters were
required to fill out the structured GOSE interview ques-
tionnaires based on the same six transcripts, and to provide
an overall GOSE score for the case. For each study group,
the raters were given brief written instructions as to how to
use the alternative system or conventional method to com-
plete the outcome assessment. No additional training was
given to the investigators. For study Group 1, the raters
were informed that a central reviewer would monitor the
rating process.
The alternative method was a web-based GOSE rating
system, which required recording the structured pre- and
post-injury narratives initially to establish firm baselines and
source documentation. Based on the narratives, the system
first captured the score on the five-point GOS according to six
structured yes=no questionnaires. After the GOS category
was defined, the system presented the raters with the criteria
(Table 1) for the upper or lower strata of a particular GOS
category in order to arrive at the GOSE. As such, only the
questions relevant to the patient’s GOS category were pre-
sented. For example, if the GOS was rated as moderate dis-
ability, the electronic system would route the rater to a screen
where only questions regarding the upper and lower strata of
moderate disability were presented. (A set of the pre- and
post-injury narratives and GOS and GOSE checklists is
available as an online only supplement at www.liebertonline
.com.)
Moreover, a quality control systemwas built into the rating
process that provided quality assurance through the use of a
central reviewer. For instance, after the raters in Group 1
completed the pre- and post-injury narratives for each patient
case, using information from the sample transcripts, a central
reviewer would check whether the transferred narratives re-
flected accurate and sufficient information for assessing the
outcome, compared with the original transcripts. The focus of
the central review was to determine if there was sufficient
information in all categories of the GOS=GOSE to arrive at an
accurate assessment. Feedback from the central reviewer
allowed the raters to re-check the narrative information if it
was incomplete, or to proceed to the next step. The same
quality control was performed after the raters completed each
assessment of the five-point GOS and the eight-point GOSE,
according to the raters’ narratives. The investigators made the
final decision based on the overall rating and the comments
from the central review. Care was taken not to lead the in-
vestigators to a specific rating, but only to ensure that the
information in the narrative was sufficient based on classic
guidelines for GOS=GOSE assessment. In this way, the nar-
ratives served as a verifiable source document for the GOS
and GOSE assessments.
Study material and outcome
Six transcripts of structured outcome interviews with pa-
tients with head injury or their relatives were used in order to
assess the GOSE outcome. These transcripts contained real
patient data originating from previous studies, and were also
used in the dexanabinol study (Wilson et al., 2007) to assess
baseline agreement between raters. The cases selected were
not intended to be specifically representative of ‘‘easy’’ or
‘‘difficult’’ cases, but they covered the range of GOSE out-
comes, from lower severe disability to lower good recovery,
as assigned by an expert according to the criteria for the GOSE
categories. The transcripts were distributed electronically to
the study participating centers in two formats. For study
Groups 1 and 3, the centers received the original interview
transcripts; for Group 2, the centers received six sets of pre-
specified pre- and post-injury narratives that were transferred
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from the transcripts as described previously. No additional
information regarding the outcome and the severity of injury
were provided for these cases.
Statistical analysis
We analyzed the quality and inter-rater variation in
GOS=GOSE assessment by the alternative GOSE data collec-
tion system (Groups 1 and 2). The results for outcome
assessment were then compared against the results ob-
tained using the conventional structured GOSE interviews
(Group 3).
To identify whether central quality control played an im-
portant role in reducing inter-rater variation in the assessment
of GOSE for the alternative method, we first applied the de-
scriptive analyses and listed the discrepancies found in each
step of the central quality check-ups for Group 1, including
the steps of transferring patient responses from the original
transcripts to pre-injury and post-injury narratives, and the
assessments of the five-point GOS and the eight-point GOSE.
We then compared the agreement rate in outcome ratings
between the expert and the raters among all study groups.
Further, to examine whether the two-stage GOSE assess-
ment (i.e., assessing the five-point GOS first, then the eight-
point GOSE) by the alternative system was more effective in
reducing inter-rater variation, we compared the ratings for
both five-point GOS and eight-point GOSE for all three
groups through cross-tabulations.
The inter-rater agreement was assessed using weighted
kappa (k) statistics (Cohen, 1968). The weighted k was de-
veloped to give more emphasis to the degree of disagreement.
The conventional ‘‘weight’’ used for assessing disagreement in
ordered categorical data was a quadratic weight. In general,
the strength of agreement could be described by k statistics as
poor (<0.2), fair (>2 to 0.4), moderate (>0.4 to 0.6), good
(>0.6 to 0.8), and very good (>0.8 to 1; Landis and Koch,
FIG. 1. Forty-five trauma centers were randomly divided into three study groups balanced by each center’s past experience
in TBI trials. Group 1 used the alternative GOS=GOSE rating system coupled with central quality control, in which the raters
were required to complete six sets of pre- and post-injury narratives according to six sample transcripts prior to outcome
assessment. Group 2 used the alternative system with no central quality control, in which the raters used six sets of pre-
specified narratives to rate the outcome. These narratives contained information, strictly transferred from the original in-
terview transcripts by an expert, which allowed the validation of GOS=GOSE assessment without errors introduced by
incorrect narratives. Group 3 used conventional structured interviews in which the raters were required to fill out the
structured GOSE interview questionnaires based on the same six transcripts, and to provide an overall GOSE rating of the
case (GOS, Glasgow Outcome Scale; GOSE, extended Glasgow Outcome Scale; TBI, traumatic brain injury).
AN ALTERNATIVE GOSE RATING SYSTEM 845
T
a
b
l
e
1.
G
l
a
sg
o
w
O
u
t
c
o
m
e
S
c
a
l
e
(G
O
S
)
a
n
d
E
x
t
e
n
d
e
d
G
l
a
sg
o
w
O
u
t
c
o
m
e
S
c
a
l
e
(G
O
S
E
)
F
iv
e-
p
oi
n
t
G
O
S
E
ig
h
t-
p
oi
n
t
G
O
S
E
C
at
eg
or
y
K
ey
d
efi
n
it
io
n
a
K
ey
cr
it
er
ia
b
C
at
eg
or
y
K
ey
cr
it
er
ia
b
G
o
o
d
re
co
v
er
y
(G
R
)
A
p
at
ie
n
t
is
ca
p
ab
le
o
f
re
su
m
in
g
n
o
rm
al
o
cc
u
p
at
io
n
al
an
d
so
ci
al
ac
ti
v
it
ie
s
w
it
h
o
r
w
it
h
o
u
t
m
i-
n
o
r
p
h
y
si
ca
l
o
r
m
en
ta
l
d
efi
ci
ts
1.
R
et
u
rn
s
to
w
o
rk
at
th
e
sa
m
e
le
v
el
o
f
p
er
fo
rm
an
ce
as
p
re
-i
n
ju
ry
a
n
d
2.
R
es
u
m
es
at
le
as
t
m
o
re
th
an
h
al
f
o
f
th
e
p
re
-i
n
ju
ry
le
v
el
o
f
so
ci
al
an
d
le
is
u
re
ac
ti
v
it
ie
s
U
p
p
er
(G
R
þ)
R
et
u
rn
s
to
n
o
rm
al
li
fe
w
it
h
n
o
cu
rr
en
t
p
ro
b
le
m
s
re
la
te
d
to
th
e
h
ea
d
in
ju
ry
th
at
af
fe
ct
d
ai
ly
li
fe
L
o
w
er
(G
R
)
1.
R
et
u
rn
s
to
p
re
-i
n
ju
ry
n
o
rm
al
li
fe
,
b
u
t
h
as
m
in
o
r
p
ro
b
le
m
s
th
at
af
fe
ct
d
ai
ly
li
fe
a
n
d
=
o
r
2.
R
es
u
m
es
m
o
re
th
an
h
al
f
th
e
p
re
-i
n
ju
ry
le
v
el
o
f
so
ci
al
an
d
le
is
u
re
ac
ti
v
it
ie
s
a
n
d
=
o
r
3.
D
is
ru
p
ti
o
n
is
in
fr
eq
u
en
t
(l
es
s
th
an
w
ee
k
ly
)
M
o
d
er
at
e
d
is
ab
il
it
y
(M
D
)
A
p
at
ie
n
t
is
fu
ll
y
in
d
ep
en
d
en
t
b
u
t
d
is
ab
le
d
1.
W
o
rk
ca
p
ac
it
y
is
re
d
u
ce
d
o
r
u
n
ab
le
to
w
o
rk
a
n
d
=
o
r
2.
R
es
u
m
es
le
ss
th
an
h
al
f
th
e
p
re
-
in
ju
ry
le
v
el
o
f
so
ci
al
an
d
le
is
u
re
ac
ti
v
it
ie
s
U
p
p
er
(M
D
þ)
1.
W
o
rk
ca
p
ac
it
y
is
re
d
u
ce
d
a
n
d
=
o
r
2.
R
es
u
m
es
le
ss
th
an
h
al
f
th
e
p
re
-i
n
ju
ry
le
v
el
o
f
so
ci
al
an
d
le
is
u
re
ac
ti
v
it
ie
s
a
n
d
=
o
r
3.
D
is
ru
p
ti
o
n
is
fr
eq
u
en
t
(o
n
ce
a
w
ee
k
o
r
m
o
re
)
b
u
t
to
le
ra
b
le
L
o
w
er
(M
D
)
1.
O
n
ly
ab
le
to
w
o
rk
in
sh
el
te
re
d
w
o
rk
sh
o
p
o
r
u
n
ab
le
to
w
o
rk
a
n
d
=
o
r
2.
R
ar
el
y
o
r
u
n
ab
le
to
p
ar
ti
ci
p
at
e
in
so
ci
al
=
an
d
le
is
u
re
ac
ti
v
it
ie
s
a
n
d
=
o
r
3.
D
is
ru
p
ti
o
n
is
co
n
st
an
t
(d
ai
ly
)
an
d
in
to
le
ra
b
le
S
ev
er
e
d
is
ab
il
it
y
(S
D
)
A
p
at
ie
n
t
is
co
n
sc
io
u
s
b
u
t
n
ee
d
s
th
e
as
si
st
an
ce
o
f
an
o
th
er
p
er
-
so
n
fo
r
so
m
e
ac
ti
v
it
ie
s
o
f
d
ai
ly
li
v
in
g
ev
er
y
d
ay
1.
R
eq
u
ir
es
th
e
h
el
p
o
f
so
m
eo
n
e
to
b
e
ar
o
u
n
d
at
h
o
m
e
w
it
h
ac
ti
v
it
ie
s
o
f
d
ai
ly
li
v
in
g
a
n
d
=
o
r
2.
U
n
ab
le
to
tr
av
el
o
r
g
o
sh
o
p
p
in
g
w
it
h
o
u
t
as
si
st
an
ce
U
p
p
er
(S
D
þ)
C
an
b
e
le
ft
al
o
n
e
at
le
as
t
8
h
d
u
ri
n
g
th
e
d
ay
,
b
u
t
u
n
ab
le
to
tr
av
el
an
d
=
o
r
g
o
sh
o
p
p
in
g
w
it
h
o
u
t
as
si
st
an
ce
L
o
w
er
(S
D
)
R
eq
u
ir
es
fr
eq
u
en
t
h
el
p
o
f
so
m
eo
n
e
to
b
e
ar
o
u
n
d
at
h
o
m
e
m
o
st
o
f
th
e
ti
m
e
ev
er
y
d
ay
V
eg
et
at
iv
e
st
at
u
s
(V
S
)
P
at
ie
n
t
sh
o
w
s
n
o
ev
id
en
ce
o
f
m
ea
n
in
g
fu
l
re
sp
o
n
si
v
en
es
s
V
eg
et
at
iv
e
st
at
u
s
(V
S
)
D
ea
th
(D
)
D
ea
th
(D
)
a
Je
n
n
et
t
et
al
.,
19
81
.
b
W
il
so
n
et
al
.,
19
98
.
846
1977). The weighted k and its 95% confidence interval (CI), as
well as the raw agreement rate were reported.
Results
Characteristics of the study centers
A total of 45 trauma centers were invited to participate and
32 centers volunteered to complete the study. The overall
participation rate was 71%, and the participation rates for
Groups 1, 2, and 3 were 67%, 73%, and 73%, respectively. The
characteristics of the study participating centers and the rat-
ers’ past experience in TBI trials and their current occupation
status are described in Table 2.
The alternative GOSE rating system:
Observation from central review
The analysis regarding the rule of central quality control for
the alternative GOSE rating system was conducted for study
Group 1. The raters completed three processes sequentially
through the electronic rating system: pre=post narratives,
GOS rating, and GOSE rating. Ten raters each completed the
three processes, including the transfer of information to the
narratives, and rating of GOS followed by rating of GOSE for
six cases. Out of 60 sample cases and 180 rating processes, the
central reviewer identified 28 (28 out of 180) discrepancies,
including 13 (13 out of 60) discrepancies in the process of
writing the post narratives, six (6 out of 60) in the five-point
GOS assessment, and nine (9 out of 60) in the eight-point
GOSE assessment. The investigators made the final decision
on the overall rating, and the comments from central review
resulted in rectifying 26 of the 28 discrepancies.
Major reasons for the discrepancies identified by the central
reviewer for Group 1 are summarized in Table 3. Out of 13
discrepancies that occurred in the process of writing the post
narratives, nine of those were because the raters did not re-
spond to the specific questions that were required by the post
narratives, while four cases were attributable to the raters’
misinterpretation of the original information from the tran-
scripts. For the six and nine discrepancies that were identified
for the GOS and GOSE ratings, respectively, almost all dis-
crepancies occurred because of incorrect outcome ratings based
on the narratives. Namely, the narratives were correct, but the
outcome rating was not in agreement with the narratives.
Observer variation in assessment
of the eight-point GOSE
The evaluation of consistency in eight-point GOSE assess-
mentwas conducted for all study groups as shown in Table 4a.
For study Group 1, which was assigned to use the alternative
GOSE rating system, the overall agreement in GOSE assess-
ment between a central reviewer and the raters was 97%
(weighted k¼ 0.97; 95% CI 0.91, 1.00). This agreement rate
was based on both investigators’ overall rating and the central
reviewer’s comments. On two occasions the investigator dis-
agreed with the comments from the central reviewer.
Group 2 utilized the alternative rating system as well, but
with no central quality control. The overall agreement rate in
GOSE assessments between an expert and untrained raters
was 76% (weighted k¼ 0.79; 95%CI 0.69, 0.89). In general, the
raters did well in assessing the categories of lower and upper
severe disabilities, for which the agreement rate between the
central reviewer and raters reached 92% and 100%, respec-
Table 2. The Characteristics of the Study Centers by Group
Characteristic Alternative system
Alternative system
without central monitoring
Conventional
structured interview
Participation rate 67% (10=15) 73% (11=15) 73% (11=15)
Rater’s past experience in TBI trials (n) 7 (7=10) 6 (6=11) 6 (6=11)
Rater’s occupation status (n)
Physician 3 2 3
Neuropsychologist 2
Nurse 6 6 7
Other 1 1 1
Table 3. Discrepancies Identified by the Central Reviewer during the Outcome Rating Process for Group 1
Overall
discrepancies
n¼ 180
Pre=post
narrative set
n¼ 60
Five-point
GOS
n¼ 60
Eight-point
GOSE
n¼ 60
Number (%) of discrepancies 28 (16) 13 (22) 6 (10) 9 (15)
Reasons for discrepancies
Incorrect transfer of information from the transcripts (e.g.,
patient able to work, narrative says no)
4 cases
The key criteria for GOSE assessment was missing
in the narratives (e.g., more=less than half social activity)
9 cases
Incorrect GOS=GOSE ratings based on the Narrative information 5 cases 9 cases
Other 1 case
Number (%) of discrepancies corrected 26 (26=28) 12 (12=13) 6 (5=6) 9 (9=9)
GOS, Glasgow Outcome Scale; GOSE, extended Glasgow Outcome Scale.
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tively. However, the raters seemed to have more problems
when assessing the sample cases of moderate disability and
good recovery. The agreement rates in assessing the lower
moderate GOSE equaled 45%, upper moderate GOSE 82%,
and lower good GOSE 55%.
For the six lower moderate disability cases that an expert
and the raters disagreed upon, five were due to the judgment
of the patient’s current occupational status and=or the degree
of the social and leisure activities resumed. In four disputed
upper moderate disability cases, three were related to the in-
quiry as to whether the patients’ current ability to drive or use
public transportationwas due to head injury or for some other
reason. Finally, for five lower good recovery cases, four were
not agreed upon as to whether the patient was able to return
to their prior injury social and leisure activities by at least 50%.
Compared with the groups using the alternative rating
system, the overall agreement between an expert and raters in
Group 3 was lower. The overall agreement for Group 3 only
reached 63% (weighted k¼ 0.70; 95% CI 0.60, 0.81). The
agreement rates between an expert and the raters in assessing
the categories were as follows: lower and upper severe dis-
abilities (55% and 82%), lower and upper moderate dis-
abilities (55% and 60%), and lower good recovery (64%).
Moreover, the observed assessment disparity among the
outcome categories was wider, especially in the assessment of
moderate disabilities.
For the severe disability cases, except for one case of mis-
understanding, six mistakes were due to algorithm issues. For
the moderate disability categories, the majority of errors were
in the area of social and leisure activities and=or current oc-
cupational status, for which the raters were required to ex-
ercise their own judgment in assessing if the social and leisure
activities were more or less than 50%. Finally, the errors in
rating the good recovery categorywere also seenmostly in the
area of social and leisure activities.
Observer variation in assessment
of the five-point GOS
The observer variation in the assessment of the five-point
GOS is summarized in Table 4b. The performance on the five-
point GOS rating scale was generally better among all study
groups compared to the eight-point GOSE assessment. For
Groups 1 and 2, that used the alternative approach to rate the
outcome, the overall agreement between an expert and the
raters were 97% (weighted k¼ 0.95; 95% CI 0.89, 1.00), and
83% (weighted k¼ 0.81; 95% CI 0.69, 0.92), respectively. For
Group 3, that used the conventional method, the overall
agreement reached 83% (weighted k¼ 0.76; 95%CI 0.63, 0.89).
In accordance with the assessment of the eight-point GOSE,
the raters did well on rating severe disability. The agreement
rate between an expert and the raters for Groups 1 and 2
reached 100% and 100%, respectively, and the rate for Group 3
was 91%. However, the raters were less in agreement with the
expert in the assessment of better GOS outcome categories. For
Groups 1, 2, and 3, the agreement rates were 97%, 85%, and
76%, in the assessment of moderate disabilities, and 90%, 64%,
and 82% in the assessment of good recovery, respectively.
Discussion
In this study, we used an alternative GOSE rating system to
aid the assignment of outcome scores with the objective of
Table 4a. Comparison between the Alternative Eight-point GOSE Data Collection Method
and the Conventional Structured Interviews: Agreement between a Central Reviewer
and the Investigators on Rating Six Sample Case Transcripts
Investigator rating
GOSE collection method Transcript Expert VS SD SDþ MD MDþ GR GRþ Agreement
Alternative system (n¼ 60) A SD 10 100%
B SDþ 10 100%
C MD 10 100%
D MDþ 10 100%
E MDþ 1 9 90%
F GR 1 9 90%
Overall agreement 97% (weighted k¼ 0.97 and 95% confidence interval 0.91, 1.00)
Alternative system without
central monitoring (n¼ 66)
A SD 10 1 92%
B SDþ 11 100%
C MD 1 5 5 45%
D MDþ 2 9 82%
E MDþ 2 9 82%
F GR 4 6 1 55%
Overall agreement 76% (weighted k¼ 0.79 and 95% confidence interval 0.69, 0.89)
Conventional structured
interview (n¼ 66)
A SD 6 5 55%
B SDþ 9 2 82%
C MD 1 6 2 2 55%
D MDþ 1 7 3 64%
E MDþ 1 4 6 55%
F GR 2 7 2 64%
Overall agreement 63% (weighted k¼ 0.70 and 95% confidence interval 0.60, 0.81).
GR, good recovery; MD, moderate disability; SD, severe disability; VS, vegetative status; GOSE, extended Glasgow Outcome Scale.
848 LU ET AL.
reducing the inter-rater variation in the primary outcome
assessment in TBI trials. The proposed system is an extension
of the existing ABIC five-point GOS checklist, which was
developed for the purpose of reducing inter-rater variation in
GOS assessment in TBI trials (Wilson et al., 1998). The GOS
checklist has been shown to decrease interobserver variability
in a pilot trial (Marmarou, 2001), and was used in two TBI
clinical trials (Marmarou et al., 1999, 2005). The current sys-
tem adds additional criteria, while maintaining the five-point
GOS rating criteria, to assess the use of the eight-point GOSE
system, as directed by the guidelines (Wilson et al., 1998). In
addition, the alternative system takes advantage of electronic
data capture to (1) integrate a quality-control system into the
rating process, which provides improved quality assurance
through use of a central reviewer, (2) utilize an algorithm to
arrive at the GOS score, and (3) to only present the questions
separating the upper and lower categories of a specific GOS
rating to arrive at the GOSE score.
The results of this study indicate that inter-rater variations
in the outcome assessment can be reduced through the im-
proved outcome data collection system. For study Group 1,
which utilized the complete alternative system in which a
central quality-control system was built into the rating pro-
cess, the overall agreement rate between an expert and the
raters in the assessment of the five-point GOS (weighted
k¼ 0.95; 95% CI 0.89, 1.00), and the eight-point GOSE
(weighted k¼ 0.97; 95% CI 0.91, 1.00), reached 97%. These
results are superior to those of previous studies (Brooks et al.,
1986; Maas et al., 1983; Marmarou, 2001; Wilson et al., 1998,
2007), as shown in Table 5.
Furthermore, the use of the alternative system alone
(Group 2), without central monitoring, also demonstrated
strength in lessening the variation in the eight-point GOSE
assessment among untrained raters, especially in the as-
sessment of lower and upper severe disability categories
(Table 4a). The overall agreement, weighted k, and CI [GOS
83%, 0.81, and (0.69, 0.92), GOSE 76%, 0.79, and (0.69, 0.89)] in
the outcome assessment were better than the results reported
earlier, and consistent with more recent results (Marmarou,
2001; Wilson et al., 1998, 2007). The results from Group 3, that
used the conventional structured interviews, are in close
agreement with the baseline variability found in the dex-
anabinol trial. (Wilson et al., 2007).
Moreover, this study provided valuable insights into (1)
potential causes of inter-rater variations during the outcome
assessment process, and (2) the impact of an improved out-
come rating system on constraining such variations in the
course of assessment. The proposed system may help reduce
the variation in the assessment of the eight-point GOSE
through the following approaches.
Pre-injury narratives
The first step in this alterative system was to collect a pre-
injury narrative within 2 weeks post-injury. This helped in
determining the true impact of head injury on an individual’s
daily functioning, by taking into consideration the pre-injury
status for each of the areas included in the GOS and GOSE
assessment scales. Given the performance of Group 1 raters,
the description and format of the pre-injury narrative ap-
peared to be sufficient to serve as an important baseline ref-
erence. In comparison with sample cases, no disagreement
with the narratives was shown between the central reviewer
and raters. Thus it appears that these narratives in the module
are user-friendly and self-exploratory for future use in TBI
trials.
Three- and 6-month post-injury narratives
Since this alternative system requires an investigator re-
sponsible for the outcome assessment to collect the data for
the 3- and 6-month post-injury narratives after documenting
patient function as described above for the pre-injury narra-
tives, this indicates that each patient serves as their own
control. As such, a reduction in GOS score will more clearly
reflect the result of the patient’s head injury. These narratives
provide not only the necessary information for the outcome
rating, but also critical source documentation for the purpose
of quality control.
In this study, we found that most raters were able to
properly record the post-injury information according to the
Table 4b. Comparison between the Alternative Five-Point GOS Data Collection Method
and the Conventional Structured Interviews: Agreement between a Central Reviewer
and Investigators on Rating of Six Sample Case Transcripts
Investigator rating
Expert VS SD MD GR Agreement
Alternative method (n¼ 60) SD 20 100%
MD 1 29 97%
GR 1 9 90%
Overall agreement 97% (weighted k¼ 0.95 and 95% confidence interval 0.89, 1.00)
Alternative method without
central monitoring (n¼ 66)
SD 22 100%
MD 5 28 85%
GR 4 7 64%
Overall agreement 83% (weighted k¼ 0.81 and 95% confidence interval 0.69, 0.92)
Conventional structured
interview (n¼ 66)
SD 20 2 91%
MD 3 25 5 76%
GR 2 9 82%
Overall agreement 83% (weighted k¼ 0.76 and 95% confidence interval 0.63, 0.89).
GR, good recovery; MD, moderate disability; SD, severe disability; VS, vegetative status; GOS, Glasgow Outcome Scale.
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descriptions of the post-injury narratives. Out of 13 post-
injury narratives that the central reviewer had to query, nine
cases were due to the raters’ failure to respond to the ques-
tions required, and four were caused by the raters’ misinter-
pretation of sample cases. At least two main reasons may
explain these errors. For instance, the raters’ prior knowledge
and experience in utilizing a rating instrument may be an
important factor. In the absence of knowledge of the basic
concepts and understanding of the outcome and rating pro-
cess, a rater does not possess the information necessary to
assess the outcome, evenwhen the information is available, as
suggested by the results of several previous studies. In this
regard, Clifton and colleagues (2001) demonstrated that
higher-enrollment centers were superior in data completion,
outcome assessment, and overall patient management, com-
pared to lower-enrollment centers. Wilson and associates
(2007) also showed that the central review identified a rela-
tively large number of discrepancies (29–37%) during the
early stages of a trial, but the number declined as the trial
progressed, which coincidedwithmore extensive investigator
training and feedback from the central review.
Moreover, a loosely-structured question format leads to an
open-ended answer and flexibility for the raters to provide
their answers. As such, using a mixture of open-ended and
pre-categorized answers would be expected to improve data
collection. For example, loosely-structured more open-ended
answers allows raters to better document an individual’s
post-injury condition, while the fixed pre-categorized an-
swers facilitates a standardized outcome rating among the
patient population. This may be particularly meaningful with
regard to the key concepts that differentiate the GOS and
GOSE categories, as shown in Table 1.
It should be pointed out that in this study, the raters were
able to obtain feedback from a central reviewer and had the
opportunity to correct an error in narrative writing before the
rating process. Thus, we recommend (1) acquiring the nec-
essary knowledge about the outcome and its assessment in-
strument prior to a trial, (2) practicing on sample cases before
the actual assessment is carried out, (3) collecting complete
information in accordance with the requirements outlined in
the narratives, and (4) checking the consistency of their own
narratives.
A two-stage GOS and GOSE rating system
The alternative GOSE rating system requires the investi-
gators to rate the less complicated five-point GOS first,
followed by rating the eight-point GOSE category, by sub-
dividing the selected GOS category into a ‘‘lower’’ or ‘‘upper’’
category. The rating on the five-point GOS is based on a
checklist that contains the same category and layout of
the source documentation (i.e., the pre- and post-injury
narratives). But the eight-point GOSE rating is based on a com-
pilation sheet inwhich the information is extracted fromthepre-
categorized answers of the post-injury narrative sheet. Thus,
this system provides a two-stage rating process, thereby minimizing
potential observer variations across the five-point GOS outcome
categories, and simplifies the assessment of the eight-point GOSE.
To date, this system has been used to collect 6-month GOSE
data for an observational study, including both U.S and
European centers. In this validation study, we found that a
two-stage outcome rating system was, in general, an im-
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provement over the conventional approach in the eight-point
GOSE assessment. The improvement was particularly notice-
able in the assessment of severe disability. For instance, of 22
lower and upper severe disability sample cases, the expert had
only one disagreementwith the ratings obtained fromGroup 2,
in which the two-stage system was used, whereas the expert
had seven disagreements (7=22) from Group 3, in which the
conventional method was applied. It seems that the more re-
liable rating outcome forGroup 2was directly related to the use
of the two-stage system, which simplified the rating process
and automated the rating algorithms. This is especially evident
in light of the fact that neither group received feedback from the
central quality control, and both used the same sample cases.
Study limitations
Although studies of inter-rater variations using central
reviews or ratings from sample cases can reveal incon-
sistencies in outcome assessment, they are unlikely to capture
every potential type of variation. In practice, the outcome as-
sessmentmay bemore complex, and the resultsmay be further
influenced by how the questions are asked and responses are
solicited. Thus, the inter-observer agreements obtained in
this study, based on sample transcripts, cannot be directly
extrapolated to the clinical situation when assessing actual
patients. Also, the results of this study were obtained from a
relatively small group of investigators. Further study with
larger groups of investigators in actual interview situations are
needed to further confirm the results of this study. Moreover,
the method of using case histories does not allow further in-
formation to be gathered over what has already been collected
in the sample cases.
Nevertheless, since the sample cases used in this study
were originally obtained through the structured interviews,
and used in a large Phase III head injury trial GOSE inter-
observer variation study (Wilson et al., 2007), it was reason-
able to believe that the information obtained from these cases
included sufficient information to assess patient outcome.
Therefore, we believe that these sample cases are useful to
validate whether (1) the criteria described in the narratives
provide sufficient information for outcome assessment, and
(2) the alternative GOSE rating system itself is better at
reducing variations in GOSE assessment than conventional
structured interviews.
Conclusion
The results of this study indicate that the alternative
method for GOSE assessment has several advantages over
current techniques. First, a narrative provides source docu-
mentation about the pre-injury status, and the status at 3 and
6 months post-injury, thus allowing for a more thorough
central review. Second, a GOS-structured checklist provides
an easy and practical method for GOS assessment. Third, an
electronic system that directs the investigator to focus on an
upper or lower classification of the GOSE criteria provides
an easy and practical method for GOSE assessment. Taken
together these elements, coupled with the central review,
allow a more reliable GOSE rating system, thus reducing in-
ter-rater variation and misclassification. The results of this
study emphasize the importance of combining all efforts to
reduce outcome misclassification, including the use of a reli-
able outcome rating system, collection of sufficient stan-
dardized information, proper rater training, and central
quality control.
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